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Summary

Cardiovascular and respiratory responses to a 2 h intravenous constant infusion
of PAF (5 and 10 ng/kg per min) were studied in strain 13 guinea pigs. PAF
decreased arterial blood pressure, left systolic ventricular pressure. and cardiac
outr,pt (CO). These cardiovascular changes were dose-dependent. The PAF-in-
duced hypotension returned to a pre-infusion level spontaneously with increased
total peripheral resistance despite continuous infusion of PAF. The decreased CO
was most striking, and did not recover to pre-infusion levels due to depressed
cardiac contractility and impaired ventricular relaxation. Respiratory responses to
PAF infusion at these doses were mild and only occurred after serious cardiovascu-
lar dysfunctions developed. A higher dose of PAF (2(0 ng/kj, Per min) produced
drastically decreased CO and dynamic lung compliance (C,,,). increased pul- I
monary airway resistance, hypoventilation and apnea within 10-40 min. BN 52021.
a PAF receptor antagonist, administered as a single i.v. dose (6 mg/kg) 15 min
after PAF infusion, reversed most of cardiopulmonary dysfunctions and prevented
death by increasing cardiac contractility, CO, and minute volume from extremely
low values. The data suggest that marked cardiopulmonary disturbances induced
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by intravenous PAl infusion reflects certain pathophysiological mechanisms of
diseases that may involve the cellular release of PAFL I'he administration of BN
52021 or other potent PAF antagonists may be beneficial under these circum-
stances.

Key words: PAF. PAF antagonist: Cardiopulmonary function

I. Introduction

Platelet-activating factor (PAF) has been recognized as a potent mediator of
endotoxin shock, cardiac anaphylaxis. asthma, inflammation and multi-organ dys-
functions (Koltai et al.. 1991 Camussi et al., 199%: Snyder, 1990). Certain serious
cardiovascular and respiratory dysfunctions have been demonstrated in isolated
organs and after a single or short duration of intravenous administration of PAt at
a very low dose level (ng/kg body weight) in experimental animals (Feuerstein.
1989- Barnes et al., 1989).

Strain 13 guinea pigs. inocodatel, with Fichindo virus, an arenavir,,,. ,.,ve i',,en
used as an experimental model to mimic human Lassa fever (Jahrling et al.. 1981:
Peters et al.. •987). Reasons for selecting inbred (strain 13). instead of using
outbred (Hartley), guinea pigs for the animal model have been previously reported
(Liu. 1988a). Although strain 2 guinea pigs are also suitable for studying
pathogenicity of arenavival infection, most of our work and data were obtained
from the strain 13 animal model. Particularly, unique cardiopulmonar dysfunc-
tions were demonstrated during Pichinde viral infection in strain 13 guinea pigs
(Peters et al.. 1987: Liu. 1987). Also, PAF concentrations increased in the heart.
lung. brain, and blood of Pichinde virus-infected strain 13 guinea pigs. These
established results suggest that the cellular-released endogenous PAF may be
involved in the development of cardiopulmonary disturbances during arenavirus-
induced hemorrhagic fever (Qian et al., 1991; Liu et al., 1992).

In the present study, we evaluated cardiovascular and respiratory changes
induced by a constant intravenous infusion of PAF at ditcrent doses in ancs-
thetized strain 13 guinea pigs. Furthermore, we assessed the in vivo effectiveness
of reversing PAF-induced cardiopulmonary changes by using BN 52021. a PAF
receptor antagonist. f
2. Materials and Methods

2. 1. Animals
Male strain 13 guinea pigs, weighing 5(X1-600 g, were obtained from the

National Cancer Institute, Fort Detrick, MD. Guinea pigs were housed in a
climate-controlled animal room (23TC) and provided with guinea pig chow (NIH-
34M) and water ad libitum. Animals were anesthetized with Na pentobarbital (4(0



mg/kg. i.p.) before surgery, and the surgical level of anesthesia Asas maintained
during the experiments by giving additional injections of Na pentobarbitat (3.5 mg
in 0.5 ml of saline solution, i.p.) when necessary. Body temperatures ,\ere main-
tained by a Harvard homeothermic blanket control unit (Flarnard Apparatuw,
Edenbridge, KE) at 37.)0 C during experiments.

2.2. ('ardioascular i fnctions
A Y-shaped polyethylene catheter (PE-5(0. id. 0.58 mm) was inserted into the

superior vena cava via the left external jugular \ein. Two end, of the catheter were
used to constantly infuse PAF and to inject 0.91( saline or BN 52021, separatel[% A
Millar Micko-TIP SPR-407 (F-2) catheter pressure transducer (Millar Instruments.
Houston. TX) was inserted into the left cardiac ventricle through the left common
carotid artery. Heart rate (HR), left ventricular systolic pressure (LVSI') and Iclt
ventricular end-diastolic pressure (LVEDP) were measured continuousl for 2 h.
by a Buxco hemodynamic analyzer (Buxco Electronics, Sharon. C(). The maximum
rate of changes of left ventricular pressure. including contraction and relaxation
( + dpidtmts and - dp/dtnx), were derived from the input signal of left xentricu-
lar pressure by the hemodynamic analyzer. These data were captured bN a PC
computer equipped with a Buxco Model 12 data logger.

The left common iliac artery was isolated by a retroperitoneal approach. A
polyethylene catheter (P,0, i.d. 0.86 mm) with a centric micro thcrmoprobc
(Model RF-l. size (.5 mm: Columbus Instruments. Columbus. OH) was made and
introduced into the left common iliac artery. The catheter with the thermoprobe in
the lumen sealed with glue was advanced into the aortic arch to measure ai terial
blood pressure (BP. systolic, diastolic and mean) and cardiac output (CO). which
was measured by thermodilution. 2(9) i±I of 0.9% NaC1 solution at room tempera-
ture was automatically injected into the superior vena cava by a Micro Injector 4(m)
at 5-min intervals. A Cardiomax 11 R computer system (Columbus Instruments.
Columbus. OH) computed CO values from the microprobe-sensed thermodilution
curve. Cardiac output values were divided by the body surface area of each guinea
pig (Liu, 1988b) to obtain the cardiac index (CD). Body surface area (cm') body
weight (g2' 3) x K. The K values varied from 11.318 to 9.060 according to the
animal body weight which ranged from 80 to 880 g (Liu. 1988b).

2.3. Pulmonary finctions
Respiratory functions were monitored and analyzed according to a modified

method described by Brunet et al. (1983). Briefly, polyethylene tubing (i.d. 0.17 cm)
was inserted into the trachea and connected to a Fleisch 3.0 pneumotachograph
(whittaker, Blue Bell, PA). which was coupled to a Validyne DP45-14 differential
pressure transducer (Validyne, Northride, CA). After a small opening was made
on the skin between the fifth and sixth intercostal space near the posterior
mid-line, and after a small piece of intercostal muscle was rcmovcd. a pointed
piece of PE 190 tubing (o.d. 1.7 mm) was pushed into the intrapleural space.
Tissue adhesive (3M, St. Paul, MN) was placed around the tubing at the entrance
site to secure and prevent air leakage. Transpulmonary pressure (PTP) was

___ ___
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Fig. I- A diagram showing the measurements of cardiopulmonary functions in ancrthetitzed ,train 13
"guinca pigs. (I) Micro thermoprobe - left common iliac artery; (2) hlood prc,',ure IrandtcCr - left
common iliac artery: (3) catheter pressure transducer - left ,entricle "ia carotid artery: (4) CatiulU -

left external jugular vein: (5) pneumotachographv and differential pressure (ransduccr - trachea: and
(6) differential pressure transducer intrapleural space and trachea.

measured as the difference between the tracheal and intrapleural pressure. The
negative intrapleural pressure was detected by a Validyne pressure transducer
(Model No. MPXI1DP). The entire respiratory system was calibrated with known
volume of air and pressure from a water manometer (2 ml or X cmH,O = 2 V
output from the pulmonary analyzer). Total pulmonary airway resistance (R, ) and
dynamic lung compliance (Cy.) were derived from the input signals of flow and
transpulmonary pressure. All measured respiratory parameters were computed on
a breath-by-breath basis by a Buxco respiratory analyzer (Buxco Electronic%.
Sharon, C-T). and captured on a microcomputer via a Buxco Model 32 Data
Logger. A diagram showing the general experimental set-up is illustrated in Fig. 1.

2.4. Drug administration
Platelet-activating factor (l-hexadecyl-2-acetyl-sn-glycero-3-phosphorylcholine)

and bovine serum albumin (BSA) were obtained from Sigma (St Louis. MO). 0. 1
BSA in 0.9% NaCi solution was used to dissolve PAF (up to 2W0 ng/ml), which
was infused into the guinea pig through the cannulated external jugular vein. The f
infusion rate was maintained at 0.1 ml/kg per min by a Sage syringe pump (Model
220, Orion Research. Cambridge. MA). Baseline data acquisition with 0.1% BSA
in 0.9% saline solution without PAF was started I h after surgery and maintained
for I h. The same BSA-saline solution with PAF was infused at 5. 10 and 20 ng/kg
per min for 2 h (n = 4/dose). A control group of animals (n = 5) was infused with
medium without PAF. A PAF antagonist, BN 52021, was provided as an intra-
venous injectant (20 mg/ml) by Dr P. Braquet, Institut Henri Beaufour, Le Plessis
Robinson, Paris, France. BN 52021 was administered intravenously as a single dose
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at 6 mg/kg to a separate group of guinea pigs (O = 5) 15 min after starting PAU
infusion (20 ng/kg per min).

25. Statistics
All results are expressed as mean ± S,E. Statistical analysis was performed by a

repeat ANOVA, and followed by a paircd t-test to compare cardiorulmonano a
responses at various intervals to the baseline (pre-infusion) levels. A P value
< 0.05 was considered statistically significant.

3. Results

3.1. Cardiovascular responses to PAF

The baselint values of the hemodynamic varibles of anesthetized strain 13
guinea pigs are presented in Table 1. During PAF intravenous infusion at various
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Fig. 2. Effects of PAF intravenous infusion on mean bhood pressure (lP mean: a). cardiac index ((1. "1i
heart rate (HR: ce. and total peripheral resistance (TPR d). PAF infusion %a,, performed at the
following doses: - ) control In = 5): (1: --- - ) 5 ngikg per min: ( i - -.-. . ) III ng, kg per

mi: and ( L, --- • 1 20 ng/kg per min In = 4/dose). BN 52021 (h mg., kg: ( A --.- - A. ) J I5
waa given i.v. 15 min after infusion of PAF at 20 ng/kg per min- Each point represents the mean - SE

P < 0.05: significantly different from the corresponding control values for each dose tf PAY intusion

doses, cardiovascular changes preceded pulmonary responses. Platelet-activating
factor induced instantaneous and profound decreases in BP (Fig 2a) and Cl (Fig
2b). These hemodynamic responses were evident even after a very small dose of
PAF infused (5 ng/kg per min). As PAF doses increased to 10 or 20 ng kg per
min, cardiac output was drastically decreased. When CI dropped to less than
300-4(00 ml/min per i

2
, all the animals died. The 20 ng/kg per min dose of PAF

was lethal for all five animals. In guinea pigs surviving the 2 h infusion of lower
doses of PAF (5 and 10 ng/kg per min), decreased blood pressure gradually
returned to a pre-infusion level within 30 -40 min. However, the simultaneously
depressed cardiac output remained at low levels with little improvement. As
hypotension and low CO were not accompanied by a change in heart rate (Fig 2c),

the calculated stroke volume was decreased (data not shown). Another drastic
change in hemodynamic responses to PAF infusion was an increased total periph-
eral resistance (TPR) (Fig 2d).

Within a few minutes after PAF infusion (5 or 10 ng/kg per min), there were
profound decreases in LVSP (Fig 3a) and +dp/dtma (Fig 3b). The decreased
LVSP gradually approached pre-infusion levels (Fig 3a) and depressed + dp/dt...

(Fig 3b) and (dp/dt)/P (Fig 3c) partially recovered. Under these conditions,
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although LVEDP changed slightly in PAF-infused guinea pigs (Fig 4a), - dp/d Ia

decreased significantly (Fig 4b). With a high dose of PAF infusion (20 ng/kg per

min), both LVSP and + dp/dtma. rose abruptly from depressed conditions, and

were followed by undetectable low cardiac output and death.

3.2. Effecfs of BN 52021 on PA F-induced cardiovascular disturbances

When serious heniodynamnic disturbances had been established by a potentially

lethal PAF infusion (20 ng/kg per min) for 15 min, a single dose (6 mg/kg) of BN

* I
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Fig. 4. Effects of PAF intravenous infusion on left ventricular end-diastolic pressure RNL131D.Pan

- dp/dr,,_ (h). See Fig. 2 for illustration.

52021 was given i.\., and death was prevented. The decreased BP was elevated to
the pre-infusiion level within 15 min (Fig 2a). Also. BN 52021 was responsible for a
partial recovery of decreased cardiac output (Fig 2b) and -dp/di,,,,, (Fig 4b).

3.3. ftlmonary responses to PAF and antagonism of BN 52021
The baseline levels of pulmonary variables in ainesthetized strain 13 guinea pigs

are summarized in Table 2. During 2 h infusion of PAF at 5 or 10 ng/kg per min.
significant hemodynamic and cardiac response occurred with few changes in
respiratory functions. However, in the response to a high dose PAF infusion (20
ng/kg per min), TPp increased (Fig 5a) and VT decreased (Fig 5b). The most
obvious pulmonary responses to PAF at the highest dose were decreases in
respiratory frequency (RF, Fig 5c) and minute volume (VF) (Fig 5d), A decrease in
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TABLE 2

BASELINEI VALUES OF' PUlMONARY VARIABILS IN AN-Sltl',l.IZ[DI) STRAIN GU A
PIGS

Variable Dose of PAF infusion I ng/kg per m)

0 5 10 20 20 t BN 52021

1 T
(nil) 3.4 +-0.2 3.5 +0-1.2 3.1 t0.3 2.8 +01.1 3.3 -o2

RF

tbreath min) 54.2 -3.7 56.7 +5.4 ,4.3 -2.7 64.7 _+3.5 674 + 17

tml min) 131 -- ,.9 129 +3.2 134 1 (.9 133 - L3 130 4-14

PIP

(Cmi ,O) 4.9 It O.t 5.3 +o.3 5.2 +_0.3 6.t0 "O.S 5.9 045

(nil, cmli , ) 0.49 _+ 0.02 0.54 + 0.0 1 (M.5 I + (A2 0.55 + 0.019 (o.5. 1 .111

(cm .ii0/ml per s) 0.18.+0)1.01 0. 18 ±- (01)2 0.18 -0(1.04 1. 16 t 11.2 11.211 0 10.02

K., tidal volume; RF. respiratory frequency: t'V,. minute volume: PT.,. iranspulmonary pressure: C,,,.
dynamic lung compliance: R, . pulmonary airvay resistance.
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Fig. 5. Effects of PAF intravenous infusion on tidal volume (VT; a), transpulmonary pressure (PTp: b).

respiratory frequency (RF; 0) and minute volume (V,:: d). See Fig. 2 for illustration.
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was induced at or after 30 min infusion of PAF at 101 or 20 ng/kg per min
(Fig 6a). Increased R, was observed only after PAF infusion at 20 ng/kfr per min
(Fig 6b). BN 52021 blocked the lethality of PAF-induccd respiratory disturbances
through rapid reversal of depressed RF and V,. (Fig 5c and 5d).

3.4. Correlation between PAF-induced cardiovascular and respiratory d#sfuncti n
Fig. 7 shows continuous data acquisition during PAF infusion at 20 ng/kg per

min. The sequential changes in cardiopulmonary functions induced by PAF at this
lethal dose were: (1) decreases in BP and cardiac functions (LVSP. dp/dt. and CHi
at 5-10 min; (2) depression of respiratory functions (VE, Cdlr., and RF) and
increasing Rl_, accompanied by very low CO; (3) cessation of cardiac pumping

--.. L
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(undetectable CO), and then occurrence of apnea- and (4) cardiac responses
(hypertension, high LVSP and dp/dt. cardiac arrhythmia) to ischemia and hy-
poxia, leading to cardiac arrest.

"4. Discussion

The reported cardiovascular responses to in vivo PAF administration include
decreases of arterial blood pressure. cardiac output, and myocardial contractility

,t-



(Siren lrnd Vcuclrstein. 1 989 Davenport ct al- 1 991:-O ccl~ Lid-l 1990la. '1:
Niontr-icchio ct al., 1080), as w.ell as ail increase in capillary pcrnieahilitN (I Ltndlcý
c-1 :1l 1985;). Alt hough the mechanisms of' PAF-induced hspotnsi Ion s"erc ,hro%%n
to oe associated with right ventricular f'ailure and the seeondarN release (it
thromboxane A2 (1Laurindo eti al.. I1989). the hypotcnisix e and adv( "C cardialc
effect' ot' PAl- were blocked by intravenous infusion of selected P'Al-ieel ptm
antagonisis. including BN 521021 and SDZ 63.1441 (Siren and I-cuerstein. lqhk9).

Plaele-atiat ncfactor has also been dernonstrateni to induce bronchial h\ per-re-
sponvivcncss (Chung ct al.. ])SO). broncho-constriction (N iikamnp ct al".I9')
inflanimatorN reaction (Caniussi et all.. 1983) and aim~as' edema t(O'Dlonnell et A.
I1L87).

Inl a rcvie'. of' the literature, we noted that PAL-induced calrdios a-seular- and
respiratory disturbances were derivred mainly from isolated organls and in vio
obscr- ations w~ith at s.ingle i~v. injection or short duration of' PAF infusion (xý ithlin
minutes) I Koltai et al.. I1991: Siren and Leuerstein. 1989: Feuerste in Ct al.. I80
Barnes c* al.. 1989). In our experimental paradigm. we constantly infused PAL i.,.
A:)r 2 h in order to establish the course of' PAL-induced cardiopulmonaryLI dStulne-
tions. Fhe long-teirm infusion oft lo" doses of' PA!- may reflect the PAL -mediated
pathophysiological es ents lturing certain disease statesý. Furthermore, the sinlulta-
!ieous nikasurements of PAL-induced card iovascu lar and respiratory dvstunetionN
pros idc a better understanding of mutual influence of" these two vial s~stems.
w~hen blood and tissue PAL concentrations are both increa~sed.

Our data indicate that PAL at lowercdoses ot 5-10 ng/kg pern mm decreased BP
and IXSP. These cardiovascular changes were reversed spontaneously despite
continued PAF infusion. Also. the depressed INSP. + dp,1dtm,, and - (rd"1
pa~rtialls recovered. Hiowever, the decreased cardiac output war:s irreversible during
PAL: infusion. T]his P1AL-depressed cardiac output might lie a result of impaired
cardiac contractilits. as indicated by decreased * dp/dt', (dp,/dt 1/P. anid
decreased plasma Nolumec due to increased capillary permeability t(Handle'. et al.,
1198i). These results Suggest that. in certain cardiovas;cular diseases, ajn increased
PAL concentration may mainly impair cardiovascular functions and persistently
decerase cardiac output.

Felix ct ail. ( 1990)a) reported that. in anesthetized guinea pigs. single iv..
injection of a large dose (If) lg/kg) of PAF induced left ventricular pump failure.
documented by an increase in LVEDP and a drastic decrease in CO and BP. In
our cxpcim-ental parad"gin. both +dP)/dtr.,,, and -dp/dt.,, were decreaised.
but 1.VEI)P was unchanged. The unchanged L.VEDP after PAF infusio- may be
due to reduced left ventricular end diastolic volumes as a result of PAL-induced
hemoconcentration (Handley et al.. 1985).

Rce:ently. Deavers et a]. (1991) observed cardiopulmonary and intravascular
changes during the sustained infusion of a high dose of PAF (83 ng/kg per miil) in
rabbits. T[he immediate responses to PAF infusion were short periods of right
ventricular hypertension, followed by decreases in tmean arterial blood pressure,
L.VSP. +dp/Jtm,,x, -dp/dtfm.,x and 1,VEDP. In another report (Feuericin et al..
19821). the hypotensive response of rats to PAF was accompanied by an increased



heart rate due to a 13-receptor-mediated sympathetic icponsc. li•vkc~er, in our
experiments, guinea pigs failed to show tach,,:ardia. Although the heart rate did
not change, the sympathetic tone was indeed augmented. its indicated b1 an
elevation in IPR A constant infusion of PAP may have a direct ncgativc
chronotropic effect, and 13-reflexes are often attenuated in anesthetized animals.
thus masking a sympathetic-mediated tachycardia.

1,- contrast to the rapid and profound cardiovascular responses, during PAF
int/,..c'n. respiratorN changes were mild and only occurred at a later phae. Since a
bolus injection of PAP- has shown marked bronchoconstriction in guinea pigs
fhl,,ang et al.. 1988: Nijkamp ct al.. 1981). this phenomenon may be caused hN
bronchial tachyphylaxis during PAF infusion at lo%k doses. [he PAL--induced
bronchial tachphNlaxis was also demonstrated in our separate experiments. I 'sing
repeat bolus injection of PAI: at 50 ng/kg, xwe found that PAF-induccd bron-
choconstriction was also markedly attenuated.

During constant i.v. infusion of PAl. pulmonary mechanical changes in strain
13 guinea pigs were similar to those of rabbits (l)eavcrs ct al., I1491 ). In ýuto
studies. major pulmonary perturbation induced by PAP at 20 ngikg per rain
included decreased RF, 1', and (',,,. and increased Pit, and R,. These rcpilrat-
tory changes may be interpreted as fo-llows: (I) PAI: induced its pronounccd
respiratory effects by decreasing RF by acting at the respiratorx center of the
medulla oblongata of the brain, and (2) respiratory dysfunctions or failure w,%ere a
result ot pulmonary and brain ischcmia caused by dccreascd cardiac output and
high TPR. As a vicious cvcle, decreased R:. (C,- and V, produced oxgctn
dcficiencý which further inhibited the cardiac function. It appear,, that the drasti-
cally decreased CO and RF. leading to hypoxia and apnea. are the main causes ot
PAF-induced death.

BN 52021 is the most extensively studied PAI: antagonist, and this PAP
antagi.nist effectively blocks PAF-induced biological actions (Koltai. ct al. 199 1.
In our studies. BN 521021 prevented dc,,I' induced by the highest dose of PAP (211
ng/kg per min) used in this experiment. During PAF infusion, the major benefit'
produced by BN 52021 included partial restoration of cardiac contractility. incrca,-
ing C) and prevention of hypovcntilation by increasing RF and I'.

Previously. \%c demonstrated increased PAl: conccntrations in the hearts, lungs
and hrains in Pichindc virus-infected guinea pigs (Qian et al., 1)991: Liu ct al..
1992). Somc similarities between PAF-induced cardiopulmonar\ dysfunctions and
changes of cardiopulmonary function in Pichindc viral diseases have been found
(Peter,, ct al.. 1987: Liu ct al.. 1987). Our results suggest that increased PAF
concentrations in these specific vital organs of Pichinde virus-infected guinea pigs
mayl be involved in the development of the .ardiovascular and respirator\- dysfunc-
tions seen during Pichinde virus-induced disease. Our present data, obtained bN 2
h of constant PAl- infusion. may reflect the involvement of' PAU for pathogenesis
in certain diseases. Furthermore. our experimental results suggest that the admin-
istration of RN 52021 or other potent PA: antagonists may be beneficial for
treatment of these diseases (Koltai ct al.. 1991).

,._____________
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